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Abstract In thispaperwedescribeanimportantuseof predictiveapplicationperformance
modeling- the validation of measuredperformanceduring a new large-scale
systeminstallation. Using a previously-developedand validatedperformance
modelfor SAGE, a multidimensional,3D, multi-materialhydrodynamicscode
with adaptivemeshrefinement,wewereabletohelpguidethestabilizationof the
LosAlamosASCI Q supercomputer. Thissystemwasinstalledin severalstages
andhasapeakprocessingrateof 20-Teraflops.Wereview thesalientfeaturesof
an analyticalmodelfor SAGE thathasbeenappliedto predictits performance
on a large classof Tera-scaleparallelsystems.We describethe methodology
appliedduring systeminstallationandupgradesto establisha baselinefor the
achievable“real” performanceof thesystem.Wealsoshow theeffectonoverall
applicationperformanceof certainkey subsystemssuchasPCI bus speedand
processorspeed.Weshow thatutilizationof predictiveperformancemodelscan
beapowerful systemdebuggingtool.

Keywords: PerformanceModeling; TerascaleSystems;PerformanceValidation;High Per-
formanceComputing.
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1. Introduction

Performancemodelingis akey approachthatcanprovideinformationonthe
expectedperformanceof aworkloadgivenacertainarchitecturalconfiguration.
It is useful throughouta system’slifecycle: startingwith a designwhenno
hardware is available for measurement,in procurementfor the comparison
of systems,throughto implementation/ installation,aswell asbeingableto
examinetheeffectsof updatinga systemover time.

Wehavepreviously reportedthedevelopmentandvalidationof ananalytical
modelthatcapturestheperformanceandscalingcharacteristicsof animportant
ASCI (AcceleratedStrategic ComputingInitiative) application[5]. We have
alsodescribedoneinterestinguseof themodelto predicttheeffect on runtime
of a key algorithmic changeto the applicationenablinga different parallel
decompositionmethod.

In this paperwe report anotherinterestinguseof this samemodel. Los
AlamosNationalLaboratory(LANL) hasrecentlyinstalleda Tera-scalecom-
puting systemcalled ASCI Q that comprises2048 computeservers with an
interconnectfabric composedof federatedswitches.ASCI Q hasa peakper-
formanceof 20-Teraflops.Theinstallationof asystemwith suchalargenumber
of componentsis subjectto avarietyof bothhardware-andsoftware-relatedis-
suesthateffectively resultin a“stabilizationperiod”duringwhichthesystem’s
performancemay be sub-par. The questionis: how doesone identify sub-
par performancein a large-scaleparallelsystem,especiallyonethat is larger
thanany previously availablefor testing.Performanceobservationsmadeon a
newly-installedsystemdo not necessarilyrepresentjust thecostof processing
the workloadbut often includetemporaryidiosyncrasiesof the hardwareand
systemsoftware,i.e.,bugs,faulty or poorly configuredhardwarecomponents,
andsoon.

We reporthereour experiencesusinga performancemodelto validatethe
measuredperformanceduring systemintegration of ASCI Q. Several setsof
measurementsof theapplicationperformanceweremadeon thesystemduring
installationover a periodof months.Only afterseveral iterationsof hardware
refinementsandsoftwarefixesdid the performanceof the systemachieve the
performancepredictedby the model. The model did not necessarilyreveal
preciselywhathardwareand/orsoftwarerefinementswereneeded;however, it
wasultimatelytheonly wayto determinethatnosuchfurtherrefinementswere
necessary. During this processthemodelandcorrespondingsystemmeasure-
mentsexposedseveral importantperformancecharacteristicsassociatedwith
thesystem,suchastheeffectof PCIbusspeedandtheeffectof processorspeed
on the overall applicationperformance.This work builds on earlieranalysis
duringtheinitial stagesof theinstallationof ASCI Q [8].
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2. Performance Modeling

Performancemodelingisanimportanttool thatcanbeusedbyaperformance
analysistto provide insight into the achievableperformanceof a systemon a
givenworkload. It canbeusedthroughoutthe life-cycle of a system,or of an
application,from first designthroughto maintenance.For example:

Design: performancemodelingcanbeusedto quantify thebenefitsbetween
alternatives whenarchitecturaldetailsarebeingdefinedandhenceex-
aminetrade-offs thatarise.

Implementation:whenasmallsystembecomesavailable,perhapsin theform
of aprototype,modelingcanbeusedto provideanexpectedperformance
for systemsof largersize.

Procurement:performancemodelingcanbeusedto comparecompetingsys-
temsby apurchaser. Measuringapplicationperformanceis typically not
possibleonthesystemsbeingproposeddueto eitherthescaleof thesys-
temrequiredbeinglarger thananything available,or dueto the system
usingnext generationcomponentswhich arenot yet available.

Installation: performancemodelingcanprovide anexpectationof whatlevel
of performanceshouldbe achieved andhenceverify that the systemis
correctly installedandconfigured.As we show in this work, this is an
importantaspectwhich to dateis not routinelyconsidered.

Upgradeor Maintenance:performancemodelingcanquantify the impacton
possibleupgradesprior to thechangesbeingimplemented.

Although the exampleslisted above are consideredin termsof a system,
mostareequallyapplicableto applicationcodes.For instancefrom asoftware
perspective in theearlydevelopmentof anapplicationit maybeappropriateto
comparealternative designstrategiesandto understandtheir impactonperfor-
mancein advanceof implementation.

A performancemodelshouldalsomirror thedevelopmentof theapplication
and/orsystem.Asdetailsarerefinedthroughimplementations, theperformance
modelshouldalsobe refined. In this way, performancemodelscanbe used
throughoutthelife-cycle. At LosAlamoswehaveusedperformancemodelsin
many of theseways: in theearlydesignof systems,duringtheprocurementof
ASCI purple(expectedto bea 100-Tflopsystemto be installedin 2004/5),to
explorepossibleoptimizationsin codeprior to implementation[5], to consider
the impacton possibleimprovementsin sub-systemperformance[6], andto
comparelarge-scalesystems(e.g. theEarthSimulatorcomparedtoASCIQ[7]).

In general,therearetwo maincomponentsthatcontribute to a performance
model:
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SystemCharacteristics- Thisincludescomputational aspects(processorclocks,
functionalunitsetc.),thememoryhierarchy(cacheconfiguration,mem-
ory busspeedsetc.),nodeconfiguration(processorspernode,sharedre-
sourcesetc.),inter-processorcommunication(latency, bandwidth,topol-
ogy),andI/O capabilities.

WorkloadCharacteristics- Thisincludestheapplicationmix, theirprocessing
flow, their datastructures,their useof andmappingto systemresources,
their frequency or use,andtheir potentialfor resourcecontentionetc.

For modularity andmodel re-use,the characteristicsof the systemshould
ideally be described,andvaluesobtained,independentlyof any application.
Similarly the descriptionof the characteristicsof any workloadshouldbede-
scribedindependentlyof specificsystems.Thus,oncea modelfor particular
systemhasbeendeveloped,it canbeusedto examineperformanceon a mul-
titude of applications. Similarly, applicationperformancecan be compared
acrosssystemswithout any alterationto theapplicationmodel. This modular
approachof hardwareandsoftwaremodelseparationhasbeentakenin anum-
berof modelingactivities includethePACEsystem[11] for high performance
computing,andalsoINDY [12] for E-commercebasedapplications.

Many of the performancemodelingapproachescurrentlybeingdeveloped
canbe classifiedinto two categories: thosethat usea traceof the application
(collectedfrom an applicationrun), andthosethat generatea tracethe appli-
cationactivities duringits execution.Wetermthesetwo approachesasre-play
andpre-play respectively.

Replay approachestake an applicationtraceas their input and effectively
replaythetracewithin amodelingenvironment whichcombinesthetrace-
eventswith thecharacteristicsof thesystem(s)beingstudied.Sincethe
traceinput is usually specificto a certainproblemsize and processor
count,replayapproachescannotbe usedto fully explore the impactof
scalability. ReplayapproachesincludeDimemas[3], the TraceModel
Evaluator at Los Alamos, and also the approachtaken at SanDiego
SupercomputingCenter[1].

Pre-playapproachesuseanabstractrepresentationof theapplicationandeffec-
tively generatea traceof eventsthatshouldoccurduringtheapplication
execution. Theseeventsareagaincombinedwith the characteristicsof
thesystemwithin themodelingenvironment. Pre-playapproachestend
to encapsulatethescalingbehavior of theapplicationswith their models
parameterizedin thesamewayastheapplication.Thusallowing ahigher
degreeof performancescenariosto bestudied.Pre-playapproachesin-
cludePACE[11] andINDY [12].
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Theapproachwetakeisapplicationcentric andfits intothepre-playcategory.
It involves the understandingthe processingflow in the application,the key
datastructures,how they useandaremappedto the available resources,and
alsoits scalingbehavior. An analyticalperformancemodelof theapplication
is constructedfrom this understanding.The aim is to keepthe modelof the
applicationasgeneral aspossiblebut parameterizedin termsof theapplication’s
key characteristics.

Our view is thata modelshouldprovide insight into theperformanceof the
applicationon available as well as future systemswith reasonableaccuracy.
Hardwarecharacteristicsshouldnotbepartof theapplicationmodelbut rather
bespecifiedasaseparatecomponent.For instanceamodelfor inter-processor
communicationmaybeparameterizedin termsof themessagesize.Theactual
modelmay take the form of a simplelinear analyticalexpressionin termsof
latency andbandwidth,or bemorecomplex. Hardwarecharacteristicsmayuse
measurementsmadeby micro-benchmarks,or specifiedby othermeans.

An applicationperformancemodelneedsto be validatedagainstmeasure-
mentsmadeon oneor moresystemsfor several configurations(or datasets).
Oncea modelhasbeenvalidatedit canbeusedto exploreperformanceandto
provideinsightinto new performancescenarios.An overview of aperformance
modelfor SAGEandits validationresultsaregivenin Section4.

3. The Alpha-Server ES45 Supercomputing System

ASCI Q consistsof 2048 AlphaServer ES45nodes. Eachnodecontains
four 1.25-GHzAlpha EV68processorsinternallyconnectedusingtwo 4-GB/s
memorybusesto 16GB of mainmemory. Eachprocessorhasan8-MB unified
level-2 cache,anda 64-KB L1 datacache. The Alpha processorhasa peak
performanceof 2 floatingpoint operationspercycle. ThustheQ machinehas
a peakperformanceof 20-Tflop.

NodesareinterconnectedusingtheQuadricsQsNethigh-performancenet-
work. This network boastshigh-performancecommunicationwith a typical
MPI latency of 5� s anda peakthroughputof 340-MB/sin onedirection(de-
tailed measuredperformancedataarediscussedin Section5). The Quadrics
network containstwo components- theElannetwork interfacecard(NIC), and
theElite switch. TheElan/Elitecomponentsareusedto constructaquaternary
fat-treetopology- anexampleis shown in Figure1. A quaternaryfat-treeof
dimension� is composedof ��� processingnodesand �������
	�� switchesinter-
connectedasa deltanetwork. EachElite switchcontainsaninternal16x8full
crossbar. A detaileddescriptionof theQuadricsnetwork canbefoundin [14].

In order to implementa fat-treenetwork a singleNIC is usedper nodein
addition to a numberof Elite switch boxes. The Elite switchesarepackaged
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Figure 1. Network topologyfor a dimension3 quaternaryfat-treenetwork with 64 nodes.

Figure 2. Interconnectionof a federatedQuadricsnetwork for adimension5 fat-tree.

in 128-way boxeswhich by themselvesimplementa dimension3 fat-tree. A
1024-nodesystem,asshown in Figure2, requirestwo rowsof 16switchboxes.

Usingmultiple independentnetworks,alsoknown as“rails” is anemerging
techniquetoovercomebandwidthlimitationsandtoenhancefaulttolerance[2].
TheQmachinecontainstworails,i.e. twoElancardsonseparatePCIinterfaces
pernode,andtwo completesetsof Elite switches.

4. The Application and the Model

Theapplicationusedtoanalyzetheperformanceof ASCIQisSAGE(SAIC’s
AdaptiveGrid Eulerianhydrocode).It is amultidimensional(1D,2D,and3D),
multimaterial,Eulerianhydrodynamicscodewith adaptive meshrefinement
(AMR) consistingof 100,000+lines of Fortran90 codeusingMPI for inter-
processorcommunications.It comesfrom theLANL Crestoneproject,whose
goalis theinvestigationof continuousadaptiveEuleriantechniquesto stockpile
stewardshipproblems. SAGE hasalsobeenappliedto a variety of problems
in many areasof scienceandengineeringincluding: watershock,energy cou-
pling, crateringandgroundshock,stemmingandcontainment,earlytimefront
enddesign,explosively generatedair blast,andhydrodynamicinstabilityprob-
lems[16]. SAGE representsa large classof productionASCI applicationsat
Los Alamosthatroutinely run on 1,000’sof processorsfor monthsat a time.

A detaileddescriptionof SAGE,theadaptivemeshprocessing,andthechar-
acteristicsof its parallelscalingweredescribedpreviously in which we devel-
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opedandvalidatedtheperformancemodel[5]. Table1 givesasummaryof the
validation resultsin termsof averageandmaximumpredictionerrorsacross
all processorconfigurationsmeasured.It canbeseenthat themodelis highly
accuratewith an averagepredictionerror of 5% andmaximumof 11%being
typical acrossall machines.

Table 1. SAGEperformancemodelvalidationresults.

System Configurations Processorstested Error Error
tested (maximum) (maximum) (average)

ASCI Blue (SGIO2K) 13 5040 12.6 4.4
ASCI Red(Intel Tflops) 13 3072 10.5 5.4
ASCI White (IBM SP3) 19 4096 11.1 5.1
CompaqAlphaServer ES40 10 464 11.6 4.7
CrayT3E 17 1450 11.9 4.1

5. Use of the SAGE model to validate system performance

Themodelisparametricin termsof certain basic system-relatedfeaturessuch
asthesequentialprocessingtimeandthecommunicationnetwork performance;
thesehadto beobtainedvia measurementson a smallsystemandarelistedin
Table2 andTable3 respectively. TheSAGE modelis basedon weakscaling
in which the global problemsize grows proportionally with the numberof
processors.The subgridsizeremainsconstantat approximately13,500cells
persubgrid.

Table 2. MeasuredES45PerformanceParametersfor theSAGEModel.

Parameter 1-GHzAlpha EV68 1.25-GHzAlpha EV68
��������������������  "! #�$  "! %�&
'�)(*�+��,-���/.0��� 132 ! $4,657%8�! $4,:9;% 1<2 ! =>,657%#?! #@,:9;%
Themodelis basedonastaticanalysisof thecodeandincludesasummation

of the time to processa single cell (multiplied by the numberof cells per
processor)andthecommunicationof boundarydatabetweenprocessors.The
amountof overlap betweenmessagingand computationis negligible. The
model is parameterizedin termsof dynamicaspectsof the code- i.e. those
featureswhich are not known througha static analysis. Theseinclude: the
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Table 3. MeasuredCommunicationPerformanceParametersfor theSAGEModel.

Parameter 33-MHz PCIbus 66-MHz PCIbusA � ��B����/.0��� CED !  BGFH&�8�I�JLKNMO�D ! =� 4&O8QP;BRP;S 2 %2 ="! 8TBG9;S 2 % C &"! 2�2 BGFH&�8�I�JLKNMO�&"! 8�8U&O8QP;BVP;S 2 %2 #?! $UBG9;S 2 %2XW�Y � ��BZ���\[
�O� C  "!  BGFH&�8�I�JLKNMO�2 ="! $4&O8QP;BRP;S 2 %2 %"! $UBG9;S 2 % C  "!  BGFH&�8�I�JLKNMO�2 %"! %@&O8QP;BVP;S 2 %$"! #� UBG9;S 2 %
numberof cells,thenumberof newly adaptedcells,andalsoany load-balancing
acrossprocessors.These“histories”needto beknown onacycleby cyclebasis
if themodelpredictionis to beaccurate.

The installation processrequiredthat the model predict performancefor
the first phaseof ASCI Q with 2 differentPCI bus speeds(initially 33-MHz
and later 66-MHz). The PCI bus speeddeterminesthe available bandwidth
betweentheQuadricsNIC andprocessormemoryandhasasignificantimpact
on performance.In addition,whentwo NICs arepresentwithin the node(in
a 2-rail system),the asymptoticbandwidthincreasesby approximately180%
if simultaneousmessagescantake advantageof the two rails [14]. Individual
messagesarenot stripedacrossrails.

Laterin theinstallationprocess,theAlphaprocessorswereupgradedfrom a
clockspeedof 1-GHzto 1.25-GHz.Thefasterprocessorsalsohadanincreased
L2 cachecapacityof 16MB in comparisonto the 8MB cacheof the slower
processors.Thusduringtheinstallationtherewereactually threeconfigurations
of processorsandPCIbusspeeds:initially a 1-GHzprocessorwith a 33-MHz
bus,a 1-GHzprocessorwith a 66-MHz bus,andfinally a 1.25-GHzprocessor
with a 66-MHz bus.

5.1 Expected Performance

The performancemodelwasusedto provide the expectedperformanceof
SAGE on the ES45systemwith a 33-MHz and 66-MHz PCI bus and a 1-
GHz and1.25-GHzAlpha EV68 processors.Thesepredictionsareshown in
Figure3.

We notethe following observations: 1) sincethe runsof SAGE wereper-
formedfor weakscaling,thetimeshouldideallybeconstant acrossall processor
configurations;2) themodelpredictsthatthetwo-fold improvementin PCIbus
speedresultsin only a 20%performanceimprovementin thecodeoverall; 3)
the25%improvementin processorclock speedresultsin a 22%performance
improvementoverall; 4) theSAGEcycletimeis predictedto plateauabove512
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Figure 3. Performancepredictionsof SAGEon anES45systemwith QsNet.

processors– this is the point at which all gather/scattercommunicationsare
out-of-node.

5.2 Measured Performance

Table3 summarizesthetestconditionsoneachtestdateandtherefinements
madefrom onetestto another. Therearethreedistinctphasesof theinstallation
representing:initial hardware of 1-GHz processorswith a 33-MHz PCI bus
(testedbetweenSeptandOct’01), 1-GHzprocessorswith a66-MHzbus(tested
betweenJanandApril ’02), andthefinalhardwareof 1.25-GHzprocessorswith
a 66-MHz bus(testedbetweenSept’02 andMay ’03).

Theperformanceof SAGE wasmeasuredat several pointsafter the instal-
lation of the initial hardwarehadtaken place: assoonasthemachinewasup
andrunning(Sept.9th),afteraO/Supgradeandfaulty hardwarewasreplaced
(Sept.24th),andafteranO/Spatch(Oct. 24th). Theupgradesthatweremost
significantin termsof performanceincludedbug fixesto the QuadricsRMS
resourceschedulingsoftware andO/S patchesthat affectedthe priority of a
processthat determinedthe allocationof the two rails. Interestingly, this af-
fectedboth1-and2-rail performance.Thesethreesetsof measurements,which
arebasedonthe1-GHzprocessorswith a33-MHzPCIbus,arecomparedwith
themodelin Figure4
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Table 4. Summaryof TestConditions.

Date # nodes Performanceissues
in system

9-Sept-01 128 Somefaulty nodesandcommunicationlinks resultedin poor
communicationperformance,especiallyon 2 rails

24-Sept-01 128 Faulty hardwarereplaced,still poor2-rail performance
24-Oct-01 128 2-Rail OSpatchimprovedQuadricsPerformance

04-Jan-02 512 PCIbusupgradedto 66 MHz; SAGEperformanceat pre-Oct-24
(not all nodessuccessfullyranat66 MHz)

02-Feb-02 512 All nodesat66 MHz but someconfiguredout causinglower
performancein collective communications

20-April-02 512 All nodesconfiguredin, collectivesimproved

21-Sept-02 1024 Processorsupgradedto 1.25-GHz.1stPhaseof ASCI Q.
Performancelower thanexpectedon processorcountsabove 512

25-Nov-02 1024 2ndphaseof ASCI Q, performanceconsistentwith 1stphase
27-Jan-03 1024 Impactof operatingsystemeventsreduced,performance

significantlyimproved
1-May-03 2048 First testof full-system

Thecorrespondingmodelpredictionandmeasurementsbasedonthe1-GHz
processorsafter the PCI bus was upgradedto 66-MHz are shown in Figure
5. Initially (Jan4th), not all nodesran at 66-MHz. By Feb 2nd this had
beenresolved;however, not all nodeswereavailablefor testing.TheQuadrics
QsNetrequirescontiguousnodesin orderto useits hardware-basedcollective
operations.Whennodesareconfiguredout thena softwarecomponentin the
collectives is requiredwhich reducesoverall performance.By April 20th all
nodeswereconfiguredin andSAGEachievedtheperformancepredictedby the
modelfor all configurationsexceptfor thelargestcountof 512nodes.

Theperformanceof thesystemwasagainmeasuredafterupgradingthepro-
cessorsto 1.25-GHz,and the systemincreasingin size,first to separatetwo
segmentsof 1024nodeseachandthento a combined2048nodesystem.The
first measurementsmadeon eachof the two segments(Sept. 21st,andNov.
25th) resultedin performancehighly consistentwith eachother. However, a
majorperformanceissuewasidentifiedconcerningtheimpactof theoperating
systemwithin eachclusterof 32 nodes. This resultedin very poor perfor-
manceon applicationswith synchronizationrequirements.Theseeffectswere
minimizedby reducingthenumberof operatingsystemdaemons,reducingthe
frequency of somemonitoringactivities, andconfiguringout 2 nodesper 32-
nodecluster[15]. The performancemeasuredafter this (Jan. 27th) showed
muchimprovedperformance,very closeto themodelon thehighestprocessor
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counts.In addition,thefirst teston thefull ASCI Q system(May 1st)resulted
in performanceconsistentwith that in Jan. ’03. This datahasnot beenin-
cludedin Figure6 asonly a few measurementsweretaken at this point. The
minimizationof theimpactof theoperatingsystemis ongoing.

Figure 4. Measuredperformanceof SAGE (33-MHz PCI bus,1-GHzprocessors)compared
with modelpredictionsusinga singlerail.

Thedifferencesbetweenthemodelpredictionsandthefinal setof measure-
mentsobtainedfor eachof thethreeinstallationphasesareshown in Figure7.
Note that in the differenceis small in all but the caseof the largestprocessor
counts.We expecttheperformanceon largestconfigurationsto improve after
further operatingsystemoptimizations.Theaveragedifferenceacrossall the
datashown in Figure7, betweenthe measurementsandmodelpredictions,is
3.7%.

Figures4, 5 and 6 show that only after all the upgradesand systemde-
bugginghadtaken placethat themeasurementscloselymatchedtheexpected
performance.Whenthe measureddatamatchedthe modeleddatatherewas
someconfidencein themachineperformingwell. Without themodel,it would
have beendifficult to know conclusively whento stopdebugging,or moreim-
portantly when not to. When differencesdid occur betweenthe model and
measurements,microkernelbenchmarkswererun on thecomputationalnodes
and the communicationnetwork to help identify the sourceof the problem.
This wasespeciallyimportantin theminimizationof operatingsystemeffects
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Figure 5. Measuredperformanceof SAGE (66-MHz PCI bus,1-GHzprocessors)compared
with modelpredictionsusinga singlerail.

Figure 6. Measuredperformanceof SAGE(66-MHzPCIbus,1.25-GHzprocessors)compared
with modelpredictionsusinga singlerail.
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Figure 7. Differencebetweenmeasurementsandpredictionsfor SAGE.

thatresultedin asignificantperformanceimprovementonvery largeprocessor
counts[15].

6. Summary

Our team’sresearchover thelastfew yearshasfocusedon thedevelopment
of analyticalperformancemodelsfor theASCI workload. It hasbeensaidthat
modelingandpredictingthe performanceof large-scaleapplicationson HPC
systems,is oneof the great,unsolved challengesfor computerscience[13].
Clearly, ASCI hasa critical needfor informationon how bestto mapa given
applicationtoagivenarchitecture,andperformancemodelingis theonly means
by which suchinformationcanbe obtainedquantitatively. Our approachhas
beensuccessfullydemonstratedfor the100,000-line+adaptive meshcodere-
portedhere,for structured[4], andunstructuredmeshtransportcodes[9], and
for a Monte-Carloparticletransportcode[10].

Thework reportedin this paperrepresentsa smallbut importantstepin ap-
plying our performancemodelsin a very practicalway. We expectthatASCI
platformsandsoftwarewill beperformanceengineered,andthat modelswill
provide themeansfor this. Themodelscanplay a role throughouta system’s
lifecycle: startingatdesignwhennohardwareis availablefor measurement,in
procurementfor thecomparisonof systems,throughto implementation/ instal-
lation,andto examinetheeffectsof updatingasystemovertime. At eachpoint
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theperformancemodelprovidesanexpectationof theachievableperformance
with a high level of fidelity. TheSAGE performancemodelhasbeenusedfor
procurementpurposesbut company-sensitive informationprecludesdisclosure
of this in theliterature.Wecanreport,ashere,how themodelbecomesthetool
for assessingmachineperformance.Implementationmilestonetestsrelatedto
ASCIQcontractualobligationswerebasedpartiallyoncomparisonof observed
datawith predictionsfrom theSAGEmodel,in amannersimilar to theprocess
describedin this paper.

Wheninstallinganew system,refinementsto boththesoftwaresystem,and
hardwarecomponents,areoftennecessarybeforethemachineoperatesat the
expectedlevel of performance.The performancemodel for SAGE hasbeen
shown to be of greatusein this process.The modelhaseffectively provided
theperformanceandscalabilitybaselinefor thesystemperformanceon areal-
istic workload. Initial systemtestingshowed that its performancewasalmost
50%lessthanexpected.After severalsystemrefinementsandupgradesover a
numberof months,theachievedperformancematchedcloselytheexpectation
provided by the model. Thus, performancemodelscan be usedto validate
systemperformance.
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